Durian peel fibers were used in this study and polymer of recycled yhigh density polyethylene (HDPE) from bottles were employed as matrix into composites, which were produced from several durian peel fiber contents (5%, 10%, 15% and 20 %) at different compression temperatures of 170 , 180, 190 and 200 C. This paper discusses the influence of durian fiber content and compressed temperature on the mechanical properties of recycled HDPE/durian peel fiber composites. Composites of neat High Density Polyethylene (HDPE) and durian peel fiber were prepared by successive twin screw extrusion blending. The mechanical properties of the composites; elasticity modulus, tensile strength, impact strength and hardness, were investigated. FT-IR spectra of durian peel fiber are reported. It was found that 10% durian fiber content at compressed temperature of 180 C is the optimized condition to produce recycled HDPE/durian peel fiber composite. It was also found that the elasticity modulus of HDPE/durian peel fibers is higher than the elasticity modulus of neat HDPE. These findings suggest that incorporating durian peel fibers can be an alternative solution when trying to improve the elasticity modulus behavior of recycled polyethylene.
Introduction
Nowadays, natural fibers have been found an increasing number of the application as the potential resources for producing composite materials [1] [2] [3] [4] . The attention in natural fiber reinforced polymer composites is growing rapidly due to their high mechanical performance. Advantages of natural fibers include their low cost and low density. Lignocellulosic fibers such as jute, sisal, hemp, coir and banana have been successfully used as reinforced materials in many polymeric resin matrices [1] [2] [3] .
Located in the tropical zone, Thailand can grow many kinds of fruits and therefore produces a huge amount of fruit peels each year. Furthermore, agricultural waste is anticipated to increase in the future, and if we are unable to efficiently dispose of the agriculture waste, it will lead to social and environmental problems. In Thailand, it is found a lot of agricultural waste from durian (Durio zibethinus) peel each year as shown in Fig. 1 . A large amount of agricultural waste from the fruit industries can be generally utilized by several processes [5] [6] [7] [8] [9] [10] . The most effective technique is to recycle this agricultural waste into a new product. Durian peel fiber is a residue widely produced and contains cellulose (47.2 %), hemicellulose (9.63 %), lignin (9.89 %), ash (4.20 %) [5] . Durian peel is agricultural waste fiber mainly constituted of cellulose that is a glucose-polymer with relative high modulus, often found as fibrillar component of many naturally occurring composites.
In Thailand, plastic wastes (mainly consisting of PE (above 40 wt %), PVC, PP and poly (ethylene terephthalate) have a high volume. Thus, used plastics are becoming a potential source of raw material. Bio-composites based on thermoplastic reinforced with natural fibers have been drawn increasingly attention over last decade. Their success is largely due to the distinctive performance features of natural fiber, such as relatively high stiffness, low density, renewability, low cost, reduced energy consumption, and environment friendliness, as compared to the features of inorganic fillers-glass, clays, silica, etc. The natural fibers are used to reinforce thermoplastics. The choice of matrix is limited to thermoplastics with low melting temperature, normally at 200 -220 C, below the degradation point of the lingo-cellulosic component [1] . Recycled thermoplastics as high-density polyethylene (HDPE) from bottle is the interesting method which is used in this study.
In this research work, durian peel fiber was used and polymer of recycled high density polyethylene (HDPE) from bottles were employed as matrix into composites, which were produced from several durian peel fiber contents (5%, 10%, 15% and 20 %) at different compression temperatures of 170 , 180, 190 and 200 C. This paper discusses the influence of durian fiber content and compressed temperature on the mechanical properties of recycled HDPE/durian peel fiber composites.
Fig.1 Durian peel wastes at Thai Market

Experimental
Material and processing of composite
Recycled High-Density Polyethylene (HDPE) bottles were used in this study. Prior to being used, the HDPE bottles are hammermilled and ground. HDPE resins were obtained using single screw extruder at extrusion temperature of 190 C and rotation speed of 50 rpm.
Durian peel fibers are 500 m in length were used in this research as shown in Fig. 2 . First, durian peel fiber was prepared by drying at 80 ºC for 8 hrs and the dried durian peel chips were hammermilled. The milled dried durian peels were then sieved with a 500 m screen for durian peel powder fiber. After that, they were dried in an oven at 60 ºC for 8 hrs before extrusion.
Raw materials made of HDPE resin, durian peel fibers and oil were obtained using a twin screw extruder with an extrusion temperature of 190 C and a rotation speed of 40 rpm. Blends varied comprising 5%, 10%, 15% and 20% of durian peel fiber contents were extruded and granulated. The blended particles were felted by hand into the final mat with a forming box (250 mm x 250 mm). The formed particlemat were pressed at varied platen temperatures of 170, 180, 190 and 200 C. 
Fourier Transform Infrared Spectroscopy (FT-IR) study on durian peel fiber of 500 m
Fig. 3 FT-IR on durian peel fiber
The functional groups of the durian peel fiber were analyzed by FT-IR. The spectra are presented in Fig. 3 . The band at 3401 cm -1 was assigned to hydroxyl groups (phenolics and sugars). Due to C-H stretching vibration, the bands at 2929 cm -1 and 1743 cm -1 were assigned to methyl and methylene groups.
Specimens preparation for testing
Testing of specimens was carried out according to American Society for Testing and Materials (ASTM) for mechanical properties; tensile strength, Elasticity of modulus, hardness and impact strength as follows: ASTM D 638, ASTM D 785 and ASTM D 256, respectively. All the composites (5%, 10%, 15% and 20%) at compressed temperatures of 180 and 190 C exhibited the improved elastic modulus performances as shown in Fig. 6 . Compared to neat HDPE, the elastic modulus of composite is the higest when the fiber content raised up to 20%. As the results, the molecules form ester bonds with the hydroxyl groups of the fibers. FT-IR spectra of durian peel fiber are reported in Fig. 3 . The spectra of durian peel fiber show a significant absorption peak in the carbonyl region (1743 cm -1 ) which is associated with the stretching vibration of ester bond. The strong interfacial adhesion between HDPE and durian peel fiber due to the stretching vibration of ester bond in durian peel fiber leading the improvement of the elastic transfer from the durian peel fiber to the matrix, which caused better elasticity modulus. Compared to other durian fiber contents, the optimized durian fiber content is at 10%, at compressed temperature of 180 C giving high tensile strength, impact strength and hardness.
Results and discussion
However, the tensile strength, impact strength and hardness of composites are poor when compared to the neat HDPD as shown in Fig. 7-9 . As a result of difficulty in proper dispersion of short durian peel fibers and random fiber alighment in the matrix. Durina peel fiber/ recycled HDPE composites with agglomerations in some points caused by inefficeint durian peel fibers dispersion inside matrix. This agglomeration of reinforement was responisble by decrease of the tensile strength compared to the neat HDPE. This is usually followed by short durian peel fiber pull-out which may be visualized as friction like action arising from the geometrical contact between the short durian fiber and matrix.
The development of geometrical interfacial between the short durian peel fiber and the matrix force that is necessary to withstand slip between the short durian fiber and the surrounding matrix durian loading which can be attributed to the differential shrinkage between the short durian peel fiber and the matrix. This happens when the composite cools and solidifies after high temperature processing.
Conclusion
For the purpose of this study, HDPE composites with different durian peel fiber contents (5%, 10%, 15% and 20%) at different compressed temperatures of 170, 180, 190 and 200 C were produced by twin screw extrusion. The mechanical properties were carried out on neat HDPE/ durian peel fiber composites. The results showed that the elasticity modulus of HDPD/durian peels fiber composites is higher than the elasticity modulus of neat HDPE and they were found to increase with the increasing fiber content. The optimized durian fiber content is 10% compressed at 180 C giving high tensile strength, impact strength and hardness when compared to other durian fiber contents. However, tensile strength, impact strength and hardness of HDPE/durian peel fiber composite are lower than ones of neat HDPE.
